R-factor strains which are streptomycin-resistant and spectinomycin-sensitive have been found to inactivate streptomycin by a new mechanism. The 3'-OH group of the 2-deoxy-2-methylamino-L-glucopyranosyl moiety is phosphorylated.
A number of R factors are known which confer resistance to aminoglycoside antibiotics in a host bacterium by enzymatic inactivation of the antibiotic; the various mechanisms are summarized in Table 1 . The enzyme responsible for the adenylylation of streptomycin and spectinomycin (Benveniste et al., Bacteriol. Proc., 1969, p. 48) is found in the cell periplasma (as judged by its release from osmotically shocked cells), and we now report the finding of two other periplasmic enzymes which, in the presence of Mg2+ and adenosine triphosphate (ATP), can phosphorylate streptomycin and the neomycin-kanamycin antibiotics (neomycin B, neomycin C, paromomycin, neamine, paromamine, kanamycin A, and kanamycin B) in Escherichia coli carrying R factors. These enzymes were obtained from several R-factor strains which were kindly provided by R. Nakaya and D. H. Smith; the characteristics of these strains are shown in Table 2 . To assay for adenylylating or phosphorylating activity, cultures of the strains were grown in L broth; the cells were harvested, treated with tris(hydroxymethyl)aminomethane (Tris) -ethylenediaminetetraacetate-sucrose, and osmotically shocked with cold water by the procedure of Nossal and Heppel (3) . This procedure removes the adenylylating or phosphorylating activity from the cells.
The osmotic shockates were then tested for these activities in the phosphocellulose paper-binding assay using "C-labeled ATP or y-32P-labeled ATP as described in Table 2 . From the results of these assays (Table 2) , it can be seen that there is a good correlation between drug resistance and ability to adenylylate or phosphorylate the respective drugs. Notable exceptions to this list of resistance characters are the antibiotics of the gentamicin complex. Concomitant resistance and phosphorylation of the gentamicin C antibiotics has not been found in our laboratory (unpublished data).
E. coli JR35 has been studied in some detail, and we find that this strain produces two enzymes, one which phosphorylates streptomycin and another which phosphorylates the antibiotics of the neomycin-kanamycin group. The evidence for two separate enzymes comes from singlestep mutants, obtained from strain JR35, which are either streptomycin-sensitive, neomycinkanamycin resistant, or streptomycin-resistant, neomycin-kanamycin-sensitive. The change from resistance to sensitivity in these mutants is accompanied by a loss in ability to phosphorylate the particular antibiotic (Table 2) .
On chromatography of an osmotic shockate of strain JR35 on diethylaminoethyl (DEAE)-cellulose or polyacrylamide columns (Biogel P-300), a protein fraction which phosphorylates streptomycin can be obtained, whereas the neomycinkanamycin activity is lost. This labile enzyme which phosphorylates the kanamycin-neomycin antibiotics in strain JR35 is presumably the enzyme responsible for the formation of the previously-reported kanamycin phosphate (2, 6, 8) .
The enzyme which phosphorylates streptomycin has been partially purified from osmotic shockates of strain JR35 by ammonium sulphate precipitation, followed by chromatography on DEAE cellulose, Biogel P-300, and hydroxylapatite (unpublished data). Phosphorylation of streptomycin with this enzyme requires only streptomycin and magnesium-ATP; the divalent cation requirement can also be satisfied with zinc or manganese, unlike the kanamycin phosphorylation which has an absolute requirement for magnesium (6) . The intact antibiotic skeleton is not required, since several degradation products of streptomycin, including methyl streptobiosami-nide, are effective substrates in the enzymatic phosphorylation. Spectinomycin and the other aminoglycoside antibiotics do not act as substrates for the streptomycin phosphorylating en- Table 2 ) and purified by ion exchange chromatography and charcoal adsorption. This compound is inactive as an antibiotic when tested against streptomycin-sensitive or streptomycin-dependent strains of E. coli, or when tested for its effect on polypeptide synthesis in vitro (11) . Streptomycin phosphate was quantitatively converted to active streptomycin by incubation with alkaline phosphatase. The ratio of streptomycin to phosphate in this material was 1 :1.
The site of enzymatic phosphorylation of bCam, chloramphenicol (30-,pg disc); amp, ampicillin (10-,ug disc); tet, tetracycline (5-,ug 
